Background. Poor clinician-rated parenting outcome and observed interactive deficits in mothers with schizophrenia admitted to a psychiatric mother and baby unit (MBU) reflect continuing concerns over the parenting capacity of this group. However, little is known about whether interaction deficits are accounted for by severity of illness or adverse social circumstances typically experienced by these mothers.
INTRODUCTION
High-risk schizophrenia studies report poor developmental and clinical outcomes in soffspring who have a parent with schizophrenia (Niemi et al. 2003) . Evidence has accumulated to suggest that maternal parenting plays a crucial role in determining such outcomes (e.g. Parnas et al. 1985 ; Goodman & Brumley, 1990; Schiffman et al. 2002 ; Wahlberg et al. 2004) . Half of the infants of mothers with schizophrenia admitted to a psychiatric mother and baby unit (MBU) in the UK are discharged under formal supervision or to institutional care (Salmon et al. 2004; Abel et al. 2005) . Fortythree per cent of women with schizophrenia were rated by clinical staff as having significant problems responding emotionally to their infant (Salmon et al. 2003) . Two studies found that infants of mothers with schizophrenia are more likely to have insecure attachment relationships than infants of depressed and well mothers D'Angelo, 1986) . In a small follow-up study of young children whose mothers were previously admitted to an MBU, attachment security seemed to serve as a protective factor against poor developmental outcomes (Wan et al. in press) . Maternal sensitivity and responsiveness are being increasingly recognized as protective factors for the infant's development and future well-being. This paper extends our previous report that found poorer sensitivity in various aspects of mother-infant interaction in women with schizophrenia than in women with affective disorder prior to discharge from an MBU (Riordan et al. 1999) . Compared with the affective disorders group, mothers with schizophrenia were less responsive, sensitive and energetic, and were more remote, silent, demanding, self-absorbed and (verbally and behaviourally) intrusive. Their infants were more avoidant, and the dyadic interactions were less mutually satisfying, more serious, less engaged and engagement was less excited. The sample size was small, but other studies have also found similar interactive deficits in this group , 1986 McNeil et al. 1985 ; Na¨slund et al. 1985; Goodman, 1987 ; Goodman & Brumley, 1990) . These studies measured different behaviours in community-based patients and their children of various ages, in infancy or early childhood. It is unclear whether infant behavioural deficits are related directly to maternal interactive impairments. Unlike these previous studies, our interest is in the quality of mother-infant interaction following clinical recovery, and at the point of discharge from in-patient treatment when mothers are about to take a greater role in caregiving.
To our knowledge, no observational studies have attempted to explain why many aspects of mother-infant interaction are markedly impaired in mothers with schizophrenia. Severity of the illness may adversely affect cognitive and behavioural aspects of maternal sensitivity. Schizophrenia duration and severity have been reported to predict attitudes related to parenting sensitivity (Rogosch et al. 1992) , and better insight into psychosis has been associated with more sensitive parenting behaviour (Mullick et al. 2001) . Sameroff et al. (1987) found low spontaneity in infants of mothers with more severe mental illness, independent of diagnosis. Moreover, women with schizophrenia are likely to experience emotional, financial and social deprivation (Chernomas et al. 2000) . In our MBU sample of mothers with schizophrenia, lack of a supportive partner and low socioeconomic status (SES) predicted poor clinicianrated parenting capacity (Abel et al. 2005) . These social factors may also be significant in explaining poor mother-infant interaction in this group. Sameroff et al. (1982) found that SES was a stronger predictor of developmental problems in children than maternal diagnosis alone, although they did not measure motherinfant interaction.
The main aim of this study was to examine whether illness severity and low social stability moderated mother-infant interaction deficits in mothers with schizophrenia. We examined whether, in our extended sample, mothers with schizophrenia and their infants showed more impaired mother-infant interaction in the areas previously reported (Riordan et al. 1999) compared with dyads in which mothers had affective disorder. The affective disorder groups were combined for analysis, because: (i) we were primarily interested in the interaction deficits of the schizophrenia group, and therefore the other dyads served as a comparison in-patient group ; (ii) despite differences in symptomatology at admission, our previous research found that the two affective disorder groups showed similar clinical outcomes and clinicianrated parenting risk at MBU discharge, following clinical recovery (Abel et al. 2005) ; and (iii) to enhance power in this relatively small sample.
Our main hypothesis was that interactive deficits in the schizophrenia group would be accounted for by higher severity of illness and lower social stability, typically experienced in schizophrenia patients. Duration of illness (in years) and medication (chlorpromazine equivalent, CPZe) were used as illness severity indicators as this information was available for all clinical groups. To obtain some measure of social support or stability, maternal occupation and marital status were measured. We also hypothesized that, in the sample as a whole, infant avoidance would be associated positively with poor maternal responsiveness and poor sensitivity.
METHOD Participants
Participants were admitted to the psychiatric MBU in Manchester between December 1993 and January 1995, and between August 1996 and August 2000. The participants met the following criteria :
(1) planned discharge following clinical recovery (so that assessments were made at the time of highest level of functioning) ; (2) admission for more than 1 week ; (3) ability to speak English ; (4) joint admission with their physically healthy infant aged between 2 and 4 . 5 months. The Global Ratings Scales are not valid outside of this age range; thus, infants over 4 . 5 months included in the Riordan et al. (1999) study were excluded from the present study.
The study was approved by the South Manchester NHS Local Research Ethics Committee. Informed consent was obtained for the 55 participating dyads. The data for 38 dyads were analysed : 13 with schizophreniaspectrum disorders (F=20 . 0, n=12 ; F=25 . 1, n=1), 14 with bipolar disorders (F=31 . 2, n=9; F=30 . 0, n=1; F=30 . 2, n=1; F=31, n=1; F=31 . 3, n=1; F=31 . 6, n=1) and 11 with depressive disorders (F=32 . 2, n=10; F=32 . 3, n=1). The remainder were excluded from this analysis because they were in other diagnostic groups that were too small for quantitative analysis (n=15) or were admitted for parenting assessment and had no ICD diagnosis (n=2). Diagnostic information was obtained retrospectively by the consultant psychiatrist.
Assessments
The Global Ratings Scales of Mother-Infant Interaction (Murray et al. 1996) were originally developed to assess differences in mother-infant interaction between groups of women with or without postnatal depression. They have been successfully used cross-culturally (Cooper et al. 1999 ; Gunning et al. 2004) and with other clinical groups (Riordan et al. 1999 ; Crandell et al. 2003) . The mother, sat facing her seated baby, is asked to engage in five minutes of free play, with the use of a toy if she wishes. A mirror placed beside the baby at an angle enables a camera placed next to the mother to record a simultaneous image of the infant, the mother's face in profile and the mother's fullface reflection. Video recordings of the episode were rated by a trained rater (blind to maternal diagnosis) on maternal behaviour (13 dimensions), infant behaviour (7 dimensions) and interaction (5 dimensions). All dimensions represent behaviours on a scale from 1 (poor or least) to 5 (optimal or most).
The following data were collected retrospectively : diagnosis based on the ICD-10 (WHO, 1992), duration of illness and admission, dose of antipsychotic medication at discharge in CPZe, marital status, maternal occupation, ethnicity, parity, educational status, and mother's and infant's date of birth.
Procedure
Mother-infant dyads were videotaped in the week before discharge from the MBU following clinical recovery and home leave for at least 1 week. All mother-infant interactions were coded using the Global Rating Scales by an independent trained rater blind to maternal diagnosis and seven randomly selected tapes (18 %) were independently coded by another trained rater.
Reliability of ratings
A reasonable level of inter-rater reliability was achieved. For the maternal dimensions, identical ratings were obtained on 52% of crossrated items and 90 % were scored within one point of each other ; the intra-class correlation (ICC) was 0 . 48 ( p<0 . 001). For infant items, identical ratings were made on 31 % of crossrated items and 92 % of ratings were within one point of each other ; the ICC was 0 . 68 ( p<0 . 001). For interaction items, identical ratings were given on 51 % of cross-rated items and 91 % of ratings were within one point of each other ; the ICC was 0 . 73 ( p<0 . 001). Overall, identical ratings were made on 48 % of cross-rated items and 89% of ratings were within one point of each other ; the overall ICC was 0 . 61 ( p<0 . 001).
Statistical analysis
All mother-infant interaction items, on a scale of 1-5, were approximately normally distributed, except for non-fretfulness (most infants were not fretful). The mean ratings of the schizophrenia group were compared with those of the affective disorders group (unipolar and bipolar depression combined, for the reasons described in the introduction) using independent samples t tests. Pearson correlations were used to examine associations between infant avoidance and maternal sensitivity and responsiveness. To test the effects of illness severity and social factors, linear regression models were fitted for the mother-infant interaction dimensions for which significant between-group effects were found. Univariate analyses examined the effect of maternal schizophrenia on interaction, and separate multivariate analyses adjusted for illness severity (duration of illness in years, medication dose (CPZe in mg) and social support/stability (maternal occupation, marital status).
RESULTS
Compared with participants admitted with bipolar disorder and unipolar depression, mothers with schizophrenia had been ill for significantly longer, were slightly but not significantly older, had a slightly but not significantly longer admission, and had a significantly higher CPZe in mg at discharge (Table 1) . Compared with the affective disorder groups, more women with schizophrenia were non-White, primiparous, unmarried or not living with a partner, and were more likely to have a previous psychiatric history.
Mother-infant interaction by maternal diagnosis
In Fig. 1 , mean dimension ratings across diagnostic groups show that mothers with schizophrenia and their infants consistently achieved the least optimal interaction scores. The exceptions (maternal demands and infant fretfulness) were non-significant. In addition to replicating previous significant effects, the extended schizophrenia sample was also significantly less warm and less accepting than mothers with affective disorder (Table 2) . They were not significantly more demanding, silent or verbally intrusive, or less energetic than the affective disorders group. Compared to the infants of mothers with affective disorder, infants of mothers with schizophrenia were significantly more avoidant, and also significantly less communicative, less engaged with the environment and less lively. The overall dyadic interaction between mothers with schizophrenia and their infants was significantly less mutually satisfying, more serious, less engaged, with less excited engagement than in the affective disorder group. In our sample, the schizophrenia group's interactions were also rated to be less smooth and easy.
Clinical and social predictors of mother-infant interaction We hypothesized that interactive deficits in the schizophrenia group would be accounted for by : severity of illness as measured by duration of illness (in years) and dose of medication at discharge (CPZe) ; and by lower social support/stability, measured by maternal occupation [from professional/managerial (A) to never employed (E)] and marital status (married/cohabiting versus single/divorced).
When clinical factors were entered as confounders, the effect of schizophrenia on maternal warmth, acceptance, non-intrusiveness, absorption in infant, and dyadic fun was no longer significant (Table 3) . However, clinical factors made very little difference to the univariate models, such that the beta values changed only marginally, with the possible exception of maternal acceptance, which showed a 5 % change. Neither duration of illness nor amount of medication at discharge independently predicted mother-infant interaction.
Social support/stability also made little change to the beta values in the univariate models. Although the effect on maternal nonintrusiveness was non-significant once clinical factors were entered, the beta value again remained almost unchanged, suggesting that there was no substantial confounding effect. The effect of schizophrenia on maternal sensitivity and amount of dyadic engagement appeared to increase slightly when the models were adjusted for social variables. Neither marital status nor maternal occupation independently predicted any of these interaction dimension ratings. We also predicted an association between infant 'attentiveness-avoidance of mother ' and maternal sensitivity and responsiveness. We combined maternal sensitivity and maternal responsiveness as they were highly intercorrelated (r=0 . 82, p<0 . 001). Infant attentiveness to mother was significantly positively associated with maternal sensitivity/responsiveness (r=0 . 48, p<0 . 003).
DISCUSSION
In this extended sample of mothers with severe mental illness, we have replicated our previous findings and have also found widerranging interactive deficits in the schizophrenia group, namely in maternal warmth, maternal acceptance, infant engagement (in the environment), infant active communication, infant liveliness and dyadic smoothness/ease of interaction. Previous longitudinal research that also observed that mothers with schizophrenia show poor acceptance of their infant's behaviour Persson-Blennow et al. 1986 ). In our extended sample, there were no significant between-group differences in maternal intrusiveness in speech, maternal silence or maternal energy, which may be more likely to be situationally determined than other behaviours, or dependent on current symptomatology. We found more significant effects in infant behaviours in our extended sample than before, which may be due to the exclusion of infants aged over 4 . 5 months, for which the measure has not been validated. The interactive deficit that was particularly marked in mothers with schizophrenia, compared with mothers with affective disorder, was (psychological and physical) remoteness. The most consistent ratings were in behavioural intrusiveness. Mothers with schizophrenia were typically observed to ' frequently cut across the infant's communications, or are occasionally so vigorous as to cause the infant some distress or discomfort … or avoidance ' (Murray et al. 1996) . The combination of remoteness and intrusiveness may suggest that these mothers interact unpredictably, which may be particularly harmful to the formation of their attachment relationships. To our knowledge, this is the first study that attempts to identify whether clinical and social variables associated with schizophrenia can account significantly for interactive deficits of mothers towards their infants. In our MBU sample, a diagnosis of schizophrenia was a stronger predictor of poor mother-infant interaction than severity of illness or poor social stability/support. Poorer maternal acceptance in mothers with schizophrenia was accounted for, to a limited extent, by the more severe illness typically experienced by this group, but not by social factors measured in our study. Interactive deficits were not moderated by illness duration or dose of medication independently. There is contrasting evidence to suggest that illness severity, rather than a schizophrenia diagnosis alone, determines parenting capacity and quality of interaction (e.g. Sameroff et al. 1987 ; Rogosch et al. 1992 ; Snellen et al. 1999) . The presence of particular symptoms, such as social cognitive and emotion processing deficits, may explain poor maternal sensitivity in schizophrenia better than more general indicators of illness severity. Social cognitive deficits are a core feature of schizophrenia (Kohler et al. 2003; Bru¨ne, 2005 ), yet it is unclear from the available evidence whether these deficits respond well to antipsychotic treatment (e.g. Fahim et al. 2005; Herbener et al. 2005) . Although our schizophrenia group tended not to be married or cohabiting, compared with affective disorder mothers, social instability did not appear to account for poor mother-infant interaction in our MBU sample. By contrast, low SES and social stability have been reported to be significant risk factors for long-term developmental problems (Sameroff et al. 1982) and clinician-rated parenting outcomes (Abel et al. 2005) in schizophrenia, and for interactive deficits in non-clinical samples (Murray et al. 1996) .
In the overall sample, infant avoidance was strongly associated with poor maternal sensitivity and responsiveness, concordant with the proposed relationship between maternal sensitivity and infant behaviour described in attachment theory (e.g. Ainsworth, 1985 ; Crittenden, 1992) . Thus, high behavioural avoidance observed in infants of mothers with schizophrenia is consistent with the insecureavoidant infant-mother attachments that more commonly develop in this group compared with infants of well, depressed (D'Angelo, 1986) or other psychotic mothers . It is unclear whether these infants, characterized as being self-absorbed, avoidant (of mother), and largely uncommunicative, use such behaviours as protective strategies in the face of unresponsive, remote and intrusive care, or whether it is these infant behaviours that adversely affect the mother's attachment relationship with her infant.
Limitations
Mother-infant dyads were assessed in the week prior to hospital discharge because at this time women are about to assume their full childcare responsibilities. Whether previous symptoms or further clinical recovery might affect motherinfant interaction is unknown. Longitudinal follow-up is required to examine the relationship between symptoms and quality of mother-infant interaction, and their long-term consequences. Only 38 dyads from 6 years of admissions were included in the study, so the extent to which this group is representative of MBU admissions or mothers with psychiatric illness is unknown. Mothers with more severe illness may have been excluded because their infants were likely to have been too old (over 4 . 5 months) before the week prior to discharge when assessment took place. The Global Rating Scales (Murray et al. 1996) were designed to be used with less severely ill women with nonpsychotic depression, and therefore may not have been sufficiently sensitive, or may have failed to capture interactive deficits specific to schizophrenia or psychotic disorder. Specific assessment tools do not exist for this group. We do not know to what extent social support can be inferred from marriage or cohabitation, particularly in an MBU sample, and our measures of illness severity and social instability are also limited. Obtaining a single measure of illness severity across clinical groups was difficult. Chlorpromazine equivalent may not be a sufficiently sensitive indicator. Medication may act as a protective factor against interactive deficits, although our findings do not suggest this to be the case. Using illness duration as an indicator of severity is complicated by the probability that childbirth had affected illness onset and/or severity in some cases. We cannot rule out the possibility that these infants may have innate interactive deficits that may further impact on the mothers' parenting confidence and behaviours.
The extent to which results are generalizable to patients not admitted to an MBU is unclear. As women with more severe illness and little social support are most likely to be identified and admitted, the schizophrenia group may be more representative than the affective disorder group ; that is, MBU patients admitted with affective disorder tend to have more severe and chronic illness compared to those treated in the community. Interactive differences between mothers with schizophrenia and mothers with affective disorder may in fact be greater than reported here. Our affective disorder group was intended as a comparison in-patient group, with reasonably similar illness severity and hospitalization, against which to compare our schizophrenia group.
Clinical implications
Considering the greater prescribing of atypical antipsychotic medication (Howard et al. 2002) and deinstitutionalization of severely mentally ill women, it is likely that more women with schizophrenia will have children. The results of the present study indicate that, even following clinical improvement, mothers with schizophrenia are more likely to show poor quality interaction with their infants than a comparison in-patient affective disorders group. The poor interactive behaviours in these mother-infant dyads may have long-lasting effects on the child's attachment relationships and social adjustment. As those mothers not considered well enough to participate and those whose children were over 4 . 5 months at hospital discharge were excluded, the extent of interactive deficits that we report in this group may be underestimated.
The effects cannot be accounted for by the longer illness duration or higher medication dosage typically experienced by this group. Having a partner and higher SES seemed to be protective factors when parenting was measured by clinician-rated questions (Abel et al. 2005) . However, these factors do not seem to affect maternal sensitivity when assessed blindly through direct observation. Further investigation is needed to explain the discrepancies between subjective and objective evaluations of parenting in mothers with mental illness. Direct observation of mother-infant interaction may be a more useful index of parental emotional response in this group, particularly because it provides more comprehensive information on the dyad (e.g. infant avoidance) and can potentially be developed as a clinical tool.
Our findings suggest that treating symptoms of schizophrenia or providing social supports may not be sufficient to improve mother-infant interaction in this group. Increasingly, evidence suggests that behavioural interventions can be successfully targeted at people with schizophrenia (e.g. Wykes et al. 1999 ; Turkington et al. 2006) . Brief behavioural interventions focused on improving mother-infant interaction have been successfully implemented in high-risk dyads (Bakermans-Kranenburg et al. 2003; Green et al. in press) and may be adapted for use in this group. The findings suggest that interventions should focus on improving maternal sensitivity and maternal involvement by teaching practical techniques to increase positive maternal responsiveness, infant stimulation and mutual enjoyment. To inform the development of focused interventions, further research is clearly needed to distinguish which infant interactive impairments result from poor maternal interaction, direct exposure to maternal symptoms and/or innate causes.
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